This study gives an account of a teaching situation with 20 student's aged 14-15. The students have worked with a problem focussed on the greenhouse effect, based on a problem solving way of working. They have worked in groups and have had access to ICT, books, articles and a special resource page on the Internet. The purpose has been to account for the ways in which the students' knowledge develops during the problem solving process and what the factors are that influence learning. In order to explain the causes I have constructed five different "learning attitudes". These are: Creators of meaning, Constructors of knowledge, Ethical evaluators, Reproducers and Maintainers of relationships. When these learning attitudes are related to the students' knowledge development it becomes evident that the creators of meaning, constructors of knowledge and ethical evaluators have a predominantly stronger cognitive and knowledge development that the reproducers and maintainers of relationships.
Introduction
Having access to ICT is often described as a prerequisite in order that students can develop new knowledge and acquire a deeper understanding of a subject. However studies about teaching and learning have not been able to unequivocally demonstrate the fact that students learn better, indepth or more extensively with the help of computers (Pedersen 1998 , SITE 1998 , CSCL 1999 . The question of whether students learn better through the use of computers is wrongly formulated due to the fact that it is grounded in an unreflective technical-optimistic approach which in turn risks to overlook any critical analysis of the actual possibilities of the use of information technology. From a historical perspective Cuban (1989) describes how every new technological improvement during the twentieth century has resulted in expectations of new ways of working and a more efficient learning environment within various educational organisations. Technology when assimilated has resulted in certain changes, but not to the extent that has been expected. Most of the basic structures of teaching, organisational forms and theories of knowledge have remained unaffected. Cuban contends that there is a risk that this new technology will be no exception. During recent years educational researchers have instead turned their focus from technology to ways in which different forms of collaboration and interaction between students enhance learning. This interest is based on the growing concordance among teachers and researchers about the positive effects of collaboration for student performances within, for example, the area of problem solving (Hertz-Lazarowitz & Miller, 1992 , Slavin 1992 , Johnsson & Johnsson 1994 . O'Donnel and King (1999) contend that research involving "peer learning" above all strives to describe and understand how interaction between students influences learning perspectives in a theoretical as well as practical way. Palincsar and Herrenkohl (1999) contend that effective collaborative learning implies that the students need to be involved in a socialisation process intent on creating a common linguistic and social world in the classroom. Teaching needs to train students to publicise their experiences and thoughts about the content of teaching. In their study (Palincsar & Herrenkohl 1999) concerning the problem solving capacity of students in groups, those who attained the highest results were students who had had this specific training.
It is however important to be aware of the fact that these studies have not, in any distinct way, been able to describe what the factors are that influence student learning when a problem solving and information seeking way of working is applied. Studies still lack descriptions of the ways in which students' learning develops when they collaborate in groups as well as studies which, much more thoroughly, can describe the factors that influence students' learning during different forms of collaboration.
The study
This study comprises 20 students (14-15 years old) who, during a period of seven weeks, worked with a problem focussing on the greenhouse effect and the future climate on earth. The exercise was constructed so as to encourage a problem solving and explorative way of working. The problem is concerned with earth's global climate, the ensuing greenhouse effect and the ways in which mankind's activities may influence the balance between them. The students have been presented with an actual dilemma in the form of two completely contradictory descriptions of the earth's future climate. The first suggests that the Northern Hemisphere is moving towards a new ice age, the second that the earth's global temperature is slowly increasing. The challenge for the students has been to describe the basic phenomena and factors that influence the earth's global temperature in various ways, decide on the relevance of the accumulated information and subsequently how this information can be used in order to try to solve the problem. During the information-seeking phase of the problem solving process the students have had access to ICT, books, articles and a website with resources (databases). The students have worked with the problem in groups of four. The teacher has functioned more as a mentor, when compared to the traditional teacher role. During the problem solving process the groups have to a great extent worked independently and there have been no regular teaching situations. The purpose of this has been to study the factors that motivate the students' cognitive and knowledge development as well as to determine how collaboration and access to ICT has enhanced learning. It has been imperative to carefully observe situations in which particular students develop a usage of scientific concepts and change their understanding of the problem in a qualitative way. Each student's understanding has been determined by tests before and after the process, and has also been analysed during the course of the process. In order to be able to analyse and describe the students' cognitive and knowledge development during the problem solving process it has been necessary to conduct a quantitative study based on video recordings in the classroom.
The aims of the study have been formulated as follows:
• To account for what the factors and situations are that enhance students' learning and understanding of scientific concepts and theories during different phases of the problem solving process.
• To account for ways in which interaction and collaboration between students enhance their learning and understanding of scientific concepts and theories during problem solving in groups.
Developmental categories -one way of describing students' development of knowledge
In order to describe students' cognitive and knowledge it has been necessary to construct relatively detailed developmental categories. The purpose has been to create an implement with which to describe the students' successive development and expansion of knowledge and understanding during the problem solving process. The developmental categories have created the possibility of being able to interpret the students' cognitive and knowledge development during different phases throughout the process, not just before and after. The goal has been to create clear and concise differences between the different categories as well as being able to describe a qualitative ascension regarding knowledge and understanding of the problem. The six developmental categories can, in general terms, be described as follows:
The six developmental categories
I. The greenhouse effect -what is it? II.
The greenhouse effect has to do with the ozone layer and acidification. III.
The earth can be compared to a greenhouse. IV.
The greenhouse effect has to do with gases in the atmosphere. V.
The greenhouse effect has always existed, but the combustion of fossilised fuel enhances the effect. VI.
The greenhouse effect is a balance between incoming solar radiation and outgoing heat radiation.
Examples of cognitive and knowledge development during the problem solving process
In the following section a few examples will be given of the placement of some of the students in developmental categories during separate working shifts throughout the project. This makes it possible to trace the way in which each student develops his/her knowledge and understanding throughout the process. In Figure 1 it is possible to determine four of the students' points of departure in regard to knowledge at the outset of the study as well as accumulated knowledge at the completion of the study. By a thorough and time-consuming analysis of approx. 50 hours of video recordings it has also been possible to ascertain a number of quantitative developmental situations during the problem solving process. These can be considered to be clear indications of the fact that a student has developed knowledge and understanding of the problem on a new and higher level than before and can thereby be placed in a higher developmental category. What are the influences to students' cognitive and knowledge development during the process?
Prior
If one compares all the students' knowledge and understanding prior to and after the work process it becomes evident that the students have gone through a total of 51 developmental steps. During analysis of the video recordings it has been possible to identify 39 developmental situations. The video recordings have made it possible to study in detail that which has motivated the students to take these qualitative developmental steps. This was done by mapping each student's development during analysis and studying what occurred prior to the acquisition of a qualitative developmental step. The results of the analysis indicate that the following factors have the greatest influence:
a. Learning attitudes b. The ability to collaborate. c. Using computers as a means to enhance critical thinking.
Learning attitudes
The study has thus shown that there is a connection between students' different learning attitudes and their cognitive and knowledge development. The students' varying success can however not be solely related to the different learning strategies they use. The students' fundamental approach to science, ways of working, collaboration, information seeking, learning and theories of knowledge all influence their attitudes to this specific teaching situation. I have observed and constructed five different approaches that I have chosen to call "learning attitudes". These five learning attitudes are:
• Creators of meaning • Constructors of knowledge
Creators of meaning
Creators of meaning attempt to place the content of what is taught into an understandable and meaningful context. He/she strives to understand how this content relates to everyday living, the outside world and what it implies in relation to his/her own life. Meaning created in this way thus becomes a process whereby content is continuously set in relation to as well as compared to one's own life and world-view. Collaboration, discussions and reasoning with other students become a driving force and an important part of the creator of meaning's learning process. He/she is given the opportunity of communicating, conversing, questioning, formulating hypotheses and experiencing how others react to different assumptions.
Constructors of knowledge
Constructors of knowledge strive towards independently building and constructing a comprehensive structure and understanding of the subject matter. Scientific concepts and theories are compared and related to one other in such a way that a successively increasing knowledge and understanding develops. If constructors of knowledge find that their own structure of knowledge is weak or lacks substance, he/she proceeds further in order to seek new information. Here the construction of knowledge has to do mainly with an inner process of thought that to a great extent is independent of one's surroundings. Collaboration and discussions with other students are not decisive for constructors of knowledge to succeed in building or constructing an understanding of their own.
Ethical evaluators
A prerequisite for ethical evaluators to develop knowledge of Science is for the teaching situation to include discussions on questions of value and ethical standpoints. When this is focused on in teaching, ethical evaluators become interested and absorbed which in turn motivates them towards an understanding of scientific concepts and theories. Collaboration and dis cussions are important elements in the learning process of ethical evaluators. In such situations he/she is given the opportunity of sharing views with others, developing new ideas and discussing hypotheses. By listening to the ideas and perspectives of others they enhance their own understanding and learning.
Reproducers
Reproducers regard Science as a subject concerned with facts and isolated sections that do not need to be fitted into any context to be understood. This type of student does not search for meaning nor try to relate that which he/she reads into any meaningful whole. He/she normally looks for complete and reproductive answers and has difficulties relating questions, discovering contradictions and making comparisons. Connections and patterns between scientific concepts and theories are thus not clear and the subject matter becomes difficult to understand. If the teaching situation does not include elements that clarify various connections or elements that help develop the students' metacognition, there is a risk that the reproducer retains his/her learning attitude and only develops surface knowledge. Collaboration gives the reproducer the opportunity of experiencing how other students work, the strategies they use as well as how they reason and discuss.
Maintainers of relationships
Maintainers of relationships do not have any specific interest in Science. Often, he/she has not understood the value or significance of the subject and experiences it as meaningless and uninteresting. School however plays an important part in the daily life of a maintainer of relationships in that it offers opportunities for meeting friends and creating a network of social contacts. As a substantial part of the school day is used to maintain and develop this social network this gradually develops into the main task at school. To maintainers of relationships, collaboration and group discussions are an important and exciting part of their school experience. During these situations he/she is given additional opportunities to develop that which he/she considers most important and a large part of the time is spent discussing issues of little relevance to the school subject.
Learning attitudes and cognitive and knowledge development
If one relates the students' cognitive and knowledge development to the learning attitude they adhere to, a clear pattern can be ascertained. This pattern becomes clear when related to the level of knowledge attained by the pupil or related to the number of developmental categories the student undergoes. The 12 students who attained some of the two highest developmental categories can be classed as being either creators of meaning, constructors of knowledge or ethical evaluators. A statistical calculation of the mean related to the progress of these students showed the value to be 5.3 of a possible 6.0. The same pattern becomes evident when one considers the students whose cognitive and knowledge development is intense during the problem solving process. Among the ten students who have underg one three or four developmental stages, nine can be classed as being either creators of meaning, constructors of knowledge or ethical evaluators. This study shows an evident connection between a positive development of cognition and knowledge during the problem solving process and the learning attitude the student posits.
If one instead focuses on the six students who only pass through one or two developmental stages and who do not have any of the two highest developmental categories, the picture changes. Of these students, four can be classed as reproducers and two as maintainers of relationships. A statistical calculation of the mean related to the progress of these students showed the value to be 3.3 of a possible 6.0. There are marked differences in the results between the students in the successful learning attitude group and the students in the less successful group. The students' learning attitudes seem to be of crucial importance to the development of knowledge during the problem solving process.
Collaboration influences students' cognitive and knowledge development
Analysis of the students' cognitive and knowledge development clearly shows that the ways in which the students make use of collaborative ways of working is one of the factors that has the clearest connection to a positive cognitive and knowledge development. In this study it has been possible to deduce the cognitive and knowledge development of specific students from different collaborative situations during the problem solving process. This possibility has, to my knowledge, not been evident in other studies. I have been able to identify some types of collaboration that seem to me to be more productive than others. These are:
Asymmetric collaboration implies that two students with relatively big differences in levels of knowledge and understanding collaborate in such a way that it is of benefit to them both. For one of the students collaboration can imply a reappraisal of previous assumptions leading to understanding on a new level. For the other student collaboration implies that he/she needs to restructure and reorganise his/her own knowledge in order to convince a fellow student. Collaboration resulting in a change of perspective also leads to a qualitative development of knowledge and understanding for the students involved. Collaboration leads them to discover new perspectives and to develop new understanding on a higher level. Collaboration that develops the student's theory of knowledge does not, in effect, result in an exchange of information or knowledge. Rather, it results in the student being able to develop his/her own way of relating to knowledge and learning.
The study indicates that there are relatively large individual differences in the ability of being able to utilise collaboration for one's own development of knowledge. 14 of the study's 20 students use collaboration as their most frequent way of working, four of the students collaborate as easily as they work independently and two of the students seldom collaborate. Girls in general are better at taking advantage of opportunities for collaboration and are also able to utilise these instances more productively. The study also indicates that collaboration should not be forced; instead it should exist as a free choice and a possible resource during the work process. It is also evident that students need training in order to develop an effective and progressive capacity for collaboration.
